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lene Blue agar (EMB) incubated at temperatures of 37C and IfL.^C were 
compared when Hajna’s Gram-Negative broth (GN) was used as an enrichment 
medium. 
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REVIEW OF LITERATURE 
The need to rapidly recognize salmonella and shigella in patients 
and their contacts has led to the development of various methods and 
media for the isolation and identification of these organisms (8, 9, 11, 
12, 15, 17, 18, 20, 23 , 2U, 29, 30). The comparative efficiency of these 
media for the isolation of salmonella and shigella has been compared by a 
number of investigators* 
Croft and Miller (1), using clinical samples, compared MacConkey 
agar (MAC) with Salmonella-Shigella agar (SS) for the isolation of shi- 
gellae and found that MAC was more selective in the isolation of Shigella 
sonnei while a greater number of Shigella flexneri isolates were found on 
SS. McCarthy (23) reported that MacConkey agar compared favorably with 
Eosin Methylene Blue agar (EMB) and Xylose Lysine Deoxycholate agar (XLD) 
for the isolation of intestinal pathogens. Taylor and Harris (31) found 
that XLD was superior to Eosin Methylene Blue agar, MacConkey agar, Deox¬ 
ycholate Citrate Lactose Sucrose agar (DCLS), Brilliant Green agar (BG), 
Bismuth Sulfite agar (BS), Xylose Lysine Base agar (XL), and Xylose 
Lysine Brilliant Green agar (XLBG) in terms of sensitivity and differen¬ 
tial diagnostic characteristics* In another study (32), they reported 
that EMB and XLD were equally effective in the isolation of enteric 
pathogens by both direct streaking and after selenite enrichment. How- 
•v 
ever, after enrichment in Silliker's broth, XLD produced a greater number 
of salmonella isolates and was markedly superior to EMB for shigella iso¬ 
lation* More “false positives" were found on EMB than on XLD, Taylor 
b 
and Shelhart (33) also found XLD, used as a single plating medium, 
greatly superior to the combined use of EMB, SS, and BG agars for the 
detection of shigellae and salmonellae. The superiority of XLD over MAC 
in the isolation of salmonellae and shigellae was also reported by Rol- 
lender, Beckford, Belsky, and Kostroff (25). 
King and Metzger (15, 16) developed Hektoen Enteric agar (HE) and 
compared its sensitivity and selectivity with EMB and SS agars. They 
found that HE was superior for salmonella and shigella isolations. 
Superior performance of HE and XLD in the isolation of these organisms 
was also reported by Iseriberg, Keminos, and Siegel (13). 
Though it is generally agreed that enrichment broths enhance the 
isolation of salmonella (9, 13* 16, 25, 27, 28, 32, 33), Margard (21) 
and Margard et al (22) found inhibitory effects when searching for 
salmonella in mouse feces. They expressed concern with the possible 
bacterial antagonism during the enrichment procedure. Gundstrup, Gurnet, 
and Bonde (7), testing the enrichment capabilities of Tetrathionate broth 
and Selenite broth, found that salmonella-inhibiting agents were produced 
in a mixed flora situation in the Selenite broth. 
As some members of the shigellae are among the least hardy of the 
enteric pathogens (32), and because of their close relationship to 
Escherichia coli (5) and similarity in sensitivity to inhibitory agents, 
attempts to enhance isolation by the use of enrichment broths have not 
always been rewarding. In fact, isolation from directly streaked differ¬ 
ential media has been found to be superior to streaking after enrichment 
in Selenite F (SF), Tetrathionate (TT), and Silliker's broths for the 
isolation of these organisms (16, 31, 32). 
Taylor and Harris (31) tested Hajna’s Gram-Negative broth, Silli- 
kerfs broth. Selenite F broth, and Tetrathionate broth for their ability 
to support good growth of enteric pathogens other than salmonella and 
reported that the growth of shigella in GN broth was satisfactory. 
Higher incidence of shigella isolation after enrichment in GN broth was 
also reported by Croft and Miller (1), Hajna (9), Rollender, Beckford, 
and Belsky (2£), and Taylor and Harris (32). 
After comparing the ability of various enrichment broths to support 
the growth of enteric pathogens, Taylor and Harris (31) and Taylor and 
Schelhart (33) suggested that GN is the enrichment broth of choice for 
the enhancement of detection of both shigellae and salmonellae; it sup¬ 
ports good growth of salmonellae and is not as inhibitory to shigellae 
as other enrichment broths in clinical use. 
Various incubation temperatures have been used by different inves¬ 
tigators to enhance the isolation of salmonellae. The advantages of 
UlC, U1.5C, and U3C over 37C has been reported by Jameson (lU), Spino 
(28), and Edel and Kampelmacher (3), respectively. High incubation 
temperature resulting in an increase in the isolation of salmonellae was 
reported by Harvey and Thompson (10) and the London Metropolitan Water 
Board (19). 
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METHODS AND MATERIALS 
The media used in this study were rehydrated as recommended by the 
manufacturers. 
Stool specimens and rectal swabs were obtained from the Riverview 
Clinic, the Pediatric Clinic, and the Microbiology Laboratory of the 
Springfield Hospital Medical Center, and from the Wesson Women’s Hospital 
Laboratory, all located in Springfield, Massachusetts. Selected freshly 
isolated and laboratory stock cultures of salmonellae and shigellae were 
also used. 
This study was undertaken in three phases. 
In phase I, 1±00 stool samples or rectal swabs obtained from random 
symptomatic and asymptomatic patients were used to determine the selec¬ 
tivity and enrichment qualities of each of the four media. Swabs dipped 
in stool specimens, or the material on rectal swabs, were suspended in 2 
ml of 21 broth. A loopful of the suspension was inoculated by streaking 
onto duplicates of each of the plating media (referred to as primary 
plates'. The remainder of the specimen in GN broth was added to U ml of 
GK and incubated at 37C. After 15-20 hours of incubation, growth in the 
broth was subcultured onto duplicate plates of HE, XLD, and SS (referred 
to as secondary plates). 
Cne set of the primary plates and one set of the secondary plates 
were incubated at 37C and the other at Ul.^C for 18-20 hours. At the end 
of the incubation period, plates were examined and colonies not typical 
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of coliforms were ’’fished" and subcultured in Triple Sugar Iron (TSI). 
Those with biochemical reactions characteristic of salmonella were sub¬ 
cultured in Urea medium and Tryptone while those characteristic of shi¬ 
gella were subcultured in Urea medium and on a Citrate slant. All organ¬ 
isms tentatively identified as salmonella or shigella were serologically 
grouped. Seropositive isolates were speciated by ’’standard" techniques. 
It should be noted that criteria used for selection of colonies for 
subculture and identification were those accepted in a clinical labora¬ 
tory, i.e. colony color and/or size, change in medium beneath or adjacent 
to colony. 
Phase II was an attempt to ascertain the combined nutritive and 
inhibitory effects of the four media on pure cultures of salmonellae and 
shigellae, and to reveal the effects, if any, of an extract of feces and 
the products of the normal intestinal flora on the recovery of these 
pathogens. 
In this phase 10% fecal filtrate was prepared by mixing 1 gram of a 
pool of ten fecal samples with 9 nil of GN broth. This suspension was 
then blended and filtered through a membrane filter (Millipore; type HA; 
pore size: O.U5u). 
A calibrated inoculating loop (A.P.H.A. standardized) was used to 
deliver 0.01 ml of selected pure cultures of salmonella or shigella in GN 
broth, incubated at 37C for 18-20 hours, to each of two tubes containing 
approximately 9.99 ml GN broth each and two tubes containing approxi¬ 
mately 9.99 ml of 10$ fecal filtrate. One GN suspension and one fecal 
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suspension were incubated at 370, the other two tubes at Ul.^C for 18-20 
hours. At the end of the incubation period, dilutions ranging from 1:10 
to 1:100,000 were made using standard dilution bottles. One hundredth ml 
aliquots of these dilutions were inoculated onto HE, XLD, SS, EMB, and 
Trypticase Soy agar (TSA), which was used as a control medium, by spread¬ 
ing with an L-shaped glass rod. Six "sets1* of these media were inocu¬ 
lated in the manner indicated; two sets received growth from GN broth at 
37C, and two sets received growth from fecal filtrate at 370. One set of 
each was incubated at 370, the last at IfL.^C. Growth in GN broth or 
fecal filtrate at Ul.^C was inoculated onto each of two sets of media and 
subsequently incubated at Ul.^C. Colonies were counted with a Quebec 
colony counter after 18-20 hours of incubation. 
To determine the effects of the presence of normal intestinal micro¬ 
flora on the recovery rate and colony appearance of salmonella and shi¬ 
gella, pure cultures of salmonella and shigella were added to fecal sus¬ 
pensions, prepared by mixing 1 gram of feces to 9 nil of GN, in phase III. 
One ml of overnight growth of the pure cultures in GN broth was 
added, to 9.0 ml, and 0.1 to 9.9 nil of the fecal suspensions, respec¬ 
tively. One hundredth ml of these dilutions were plated on the various 
media immediately after mixing and after 18-20 hours of incubation at 37C 
or Ul.5>C. Plates were examined after 18-20 hours. HE and XLD plates 
apparently without any ••positive** colonies were washed with GN broth 
which was replated onto HE and XLD. Such plates were examined after 
18-20 hours of incubation at 370. 
RESULTS AND DISCUSSION 
Phase I. 
During this phase of study no shigellae except those of the Alka- 
lescens-Dispar group were isolated. Out of the four hundred specimens, 
fourteen salmonellae positives, belonging to three serological groups, 
were detected by the media under investigation. They were Salmonella 
typhimurium var. Copenhagen, Salmonella thornpson, and Salmonella newing 
ton. 
The results of this phase are summarized in Tables 1 and 2. 
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Table 1 
Comparison of plating media for the isolation of 
salmonellae from stool specimens 
S
p
ec
im
en
 
Direct plating 
(primary) 
Indirect plating from GN3 
(secondary) 
SS1 HE2 XLD3 EMB^ SS HE XLD 
37 ia.s 37 1+1.5 37 Ui.5 37 1+1.5 37 1+1.5 37 1+1.5 37 1+1.5 
1 + + + + - - - - + + + + - - 
2 + + + + + + - - + + 4* + + + 
3 - - + - - - - - - + + + + 
h - - + + + + 
5 - - + + mm - - - - - + + + + 
6 - - + + - - - - - - + + - - 
7 - - + - - - - - - - + - - - 
8 - - + + - - - - mm - + + - - 
9 - - + + - + + + - - + + + + 
10 - - + + - mm - - - + + + - - 
11 + + + + 
12 + + + - - + - + + + + - + + 
13 - - - + + + - - - - + - - - 
m + + + + - - - - - - : + + mm - 
Total u h 12 10 3 5 1 2 3 h 13 10 6 6 
n 
;~SS = Salmonella-Shigella agar 
i;HE = Hektoen Enteric agar 
'XLD = Xylose Lysine Deoxycholate 
£EMB = Eosin Methylene Blue agar 
3GN = Gram Negative broth 
agar 
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Table 2 
Recovery of salmonellae from four hundred stool specimens44 
Media employed 
for 
isolation'" 
Salmonella 
37C ia. 5c 
No. < 70 No. 
a 
p 
Direct Plating 
Number of isolations from: 
All media 13 92.82 11 78.51* 
SS alone k 28.56 h 28.5U 
HE alone 12 85.68 10 71.1*0 
XLD alone 3 21.1*2 5 35.70 
EMB alone4- 1 7.11* 2 ll*.28 
Enrichment Plating from GN broth 
Number of isolations from: 
• 
SS, HE, and XLD together 13 92.82 13 92.82 
SS alone 3 21.1*2 h 28.56 
HE alone 13 92.82 10 71.1*0 
XLD alone 6 U2.8U 6 1*2.81* 
++Total isolation from all media at both temperatures 
was lU; 13 from HE secondary plates, 1 from the pri¬ 
mary plates which was not recovered on the secondary 
^plates. 
/CSS * Salmonella-Shigella agar; HE = Hektoen Enteric 
agar; XLD = Xylose Lysine Deoxycholate agar; EMB = 
Eosin Methylene Blue agar. 
+EMB was not tested in the enrichment plating. 
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The results indicate that: 
1. HE is superior to XLB, SS, EMB as a primary or secondary 
isolation medium at both of the selected incubation tem¬ 
peratures. This is demonstrated by the higher isolation 
rates and by the fact that all the salmonellae isolated 
on XLD, SS, and EMB were also isolated on HE at either 
37C or Ul.SC. 
Enrichment in GN slightly increased the isolation rate on 
HE at 37Cj however, one salmonella isolated on the primary 
plate failed to grow in GN. 
Such a finding is consistent with the results reported by 
Iseriberg et al (13) and King et al (16) in which the per¬ 
formance of HE, XLE and SS, and HE, S3, and EMB in the 
isolation of salmonella and shigella was compared, respec¬ 
tively. 
The incubation temperature of 37C appears to favor isola¬ 
tion of salmonellae on HE. 
The discrepancy in regard to the incubation temperature 
between this study and those of the other investigators 
(3, 10, 1U, 19* 28) might be due to the fact that differ¬ 
ent plating media were used* 
2. XLD, in the primary plating, detected only 21.h% and 35>.7$ 
of the positive specimens incubated at 37C and U1.5C, 
respectively. >7hen GN broth enrichment was employed, the 
13 
isolation rate was increased to 1|2.8$ which cannot be con¬ 
sidered too significant. 
3. EMB is unsatisfactory for the isolation of salmonellae. 
By using EMB alone, 35.70$ of the positive isolates would 
have been missed. 
U. The isolation rate on the primary plates on XLD and EMB 
was greater at the U1.5C incubation temperature. This is 
indicated by 35.7$ and lh.3% isolation, respectively, at 
Ul.5C, as compared to 21.1$ and 7.1$ isolation, respec¬ 
tively, at 37C. In addition, there were two positive iso¬ 
lates on XLD and one on EMB at U1.5C that were not de¬ 
tected on the respective plates incubated at 37C. 
5. SS was unsatisfactory as a primary isolation medium, in 
that 71.U$ of the positive isolates would not have been 
recovered on this medium. 
6. The incubation temperatures of 37C and U1.5C showed no 
difference in the primary plating on SS. Enrichment in GN 
broth failed to increase the isolation rate. The second¬ 
ary plate incubated at 37C also failed to recover one of 
the positive isolates which was detected by the primary 
plating. However, when the incubation temperatures are 
compared, Ul.5C shows a recovery rate higher than at 37C. 
These results support the earlier assumption that the increased re¬ 
covery of salmonella by the elevated-temperature technique is not due to 
the temperature per se but is closely related to the media used. 
1U 
Phase II. 
In phase II the growth stimulative or inhibitory effect of the four 
media on pure cultures of salmonella and shigella was tested. TSA was 
used, in addition, as a control medium. Findings of this phase are sum¬ 
marized in Tables 3 and U. 
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In order to show the different facets of this phase clearly, 
results are also integrated in Tables 9 to 20 in the appendix. These 
tables show the comparison of the abilities of the four media to sup¬ 
port the growth of the test organisms, the effect of the fecal filtrate, 
as well as that of the incubation temperatures on the rate of isolation. 
As indicated in Tables 3 and U, there were seven organisms plated 
on four different media incubated at three sets of temperature combina¬ 
tions. Since no growth of S. sonnei was observed on HE and SS plates 
incubated at higher temperature, and no growth of S. flexneri was 
detected on SS, only seventy-nine means of data were computed. 
When the enrichment qualities of the GN broth and 10% fecal fil¬ 
trate for the tested organisms at different selected combinations of 
incubation temperatures were compared, the results show that 65.8$ of 
the selected organisms enriched in GN broth grew more luxuriantly than 
those enriched in fecal filtrate. Furthermore, within the twenty-one 
comparisons in which the difference was at least in one log number mag¬ 
nitude, there were 19, that is 90.b% in which organisms enriched in 
fecal filtrate showed a lower colony count when plated on solid media 
(Table 5). 
Results also indicate that the inhibitory effect of fecal filtrate 
is more prominent on the growth of S. typhi. GN broth, however, sup¬ 
ported or stimulated growth under all the tested conditions. There was 
a difference in numbers of at least one log magnitude, between subcul¬ 
tures made from GN broth and those prepared from 10$ FF (Table 6). 
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It was found that shigellae are also sensitive to the inhibitory 
effect of the 10$ fecal filtrate. When incubated at 37C, GN showed a 
higher recovery rate (85>.7$), 50$ of the GN broth cultures showed num¬ 
bers ten-fold or more greater than those obtained from 10$ fecal fil¬ 
trate. The difference is somewhat less at the higher incubation tem¬ 
peratures. This is probably due to the strong inhibitory effect of the 
high temperature to these organisms and thus the difference between 
growth in GN broth and in fecal filtrate is not as evident as at 37C 
(Table 7). 
The results also reveal the effect of fecal filtrate on the tested 
salmonellae other than S. typhi, in that a slight inhibitory effect is 
exerted by the fecal filtrate at the elevated temperature (Table 8), 
When the incubation temperatures are compared, the data show that: 
1. When enriched in GN broth, the elevated temperature favored 
the growth of Salmonella typhi (Table 11). Seventy-five per¬ 
cent of the plates incubated at lil.^C _ bl.5>C (enrichment broth 
- plates) showed greater number of organism than those incu¬ 
bated at the other two combinations; of these 66.6$ plates had 
numbers at least one log magnitude greater (Table 13). Such an 
increase was not shown when the organism was cultured in 10$ 
fecal filtrate. Such a result should be expected since it had 
been shown that strong inhibitory effect on this organism was 
exerted by the fecal substrates. 
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2. The isolation of shigella was facilitated by the 37C - 37C 
incubation temperature (Tables 9 and 10). All the shigellae 
incubated at such a temperature combination showed a greater 
recovery rate than the other two combinations (Table lU). 
3. For the other salmonellae tested, the 37C - 37C and the 37C - 
bl.£C were shown to be superior to the hl.5C incubation (Table 
lli). Vftien HE or XLD was used as the plating media, the 37C - 
37C combination gave a better performance; however, 37C - lil.^C 
as an incubation temperature favored isolation when SS or EMB 
was used. 
From the foregoing results, it has been established that the inhib¬ 
itory effect of fecal filtrate was more prominent on S» typhi than on 
shigellae and other salmonellae tested. This might explain the diffi¬ 
culty in isolating S. typhi from stool specimens. The data also indi¬ 
cate that the elevated incubation temperature favored the growth of S. 
typhi while 37C was a better incubation tenperature for the other organ¬ 
isms tested. The effect of temperature was shown to be greater on shi¬ 
gellae than on salmonellae other than S. typhi. 
Because of this, media on which overnight growth of organisms in GN 
incubated at 37C was inoculated and subsequently incubated at 37C were 
compared. The result is shown in Table 13>. 
As shown in Table lf>, EMB supported the same magnitude of growth as 
did TSA, and this medium generally supported salmonellae and shigellae 
in numbers approximately one log magnitude more than did either XLD, HE, 
20 
or SS. For the salmonellae tested, HE, XLD, and SS generally supported 
the same magnitude of growth, with XLD slightly better than HE and SS. 
For the tested shigellae, the order of the recovery rates of the media 
tested was EMB superior to XLD, which was superior to HE; SS was the 
most inhibitory. The difference in the number of growth supported on 
the media was generally one log number magnitude. 
Similar results were obtained when organisms were enriched in GN 
broth or 10$ fecal filtrate with the enrichment broths and the plating 
media incubated at different temperature combinations. 
Data obtained under these conditions are shown in Tables 16 to 20. 
Table 15> 
Comparison of four plating media for recovery of salmonellae and 
shigellae when the GN enrichment and the plating media 
were both incubated at 37C 
Organism 
Number of organism recovered 
EMB XLD HE SS TSA 
Sal, typhimurium 6.3xl06 2.hxl0^ 9.1x10^ 6.1x10^ 9.0xl06 
Sal. typhimurium 
var. Copenhagen 
2.0xl06 2.1xl06 2.1xl06 2.9xl06 U.QxlO6 
Sal. thompson 6.9xl06 6.5xl06 U. 8x10^ l*.5xio6 3,0xl07 
Sal. newington 5.0xl06 6.9x10^ 2.8x10^ 6,7x10^ 6.0x10^ 
Sal. typhi 9.9x10^ 7•0x10^ ^.8xlo3 6.7x10^ 2.Qxl06 
Sh. sonnei 6.9x106 1.9x10^ U.6xl0^ 2.5>xl02 7.0xl06 
Sh. flexneri 9.6x10^ 1.7x10^ 3.bxl0^ N.G. 9.6x10^ 
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The discrepancy between the pure culture study of the clinical 
samples led to closer observation of the colony characteristics of the 
pure cultures on the various plates. It was found that though EMB 
apparently supported growth best, there was a high percentage of colo¬ 
nies demonstrating a black or darker center (photo 1) which is report¬ 
edly typical for coliforms. This would tend to make it difficult to 
distinguish salmonella colonies from those of lactose-fermenters in a 
mixed culture situation (photo 2). 
It was also found that SS, although very inhibitory for shigella, 
was satisfactory in supporting growth of salmonella. However, the fre¬ 
quent occurrence of slightly pink centered colonies on this medium might 
introduce difficulties in interpretation in clinical use (photo 3), 
Using XLD, yellow or yellow -with black center salmonella colonies, 
and milky pink colonies of shigella were not unusual despite careful 
attention to pure culture techniques. It was demonstrated that these 
yellow colonies undergo change to the pink with black center '’typical1' 
salmonella colonies within U-5 hours at room temperature (photo plate 
I; and £)• HE and XLD produced by different manufacturers showed differ¬ 
ences in the colony appearance of shigella (photos 7 and 9)* 
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Photo 1* Pure culture of salmonella on EMB; 
colonies showing darker center. 
214- 
Photo 2. Mixed cultures of salmonella and coliforms on MB. 
1 — ••Typical** salmonella colony 
2 — Salmonella colonies demonstrating black center 
3 — Coliform colonies 
Photo 3 Pure culture of salmonella on SS 
slightly pink centered colonies shown 
v*
 •
 
Photo U. Pure culture of salmonella on XLD; 
18-20 hr. culture showing yellow with 
black center colonies 
Photo 3>. Same culture after 5>-6 hrs. at room temperature 
Photo 6# "Typical11 appearance of shigella (pure culture) on HE 
Photo 7. "Atypical" appearance of shigella (pure culture) on HE 
Photo 8. '’Typical” appearance of shigella (pure culture) on XLD 
Photo 9. "Atypical" appearance of shigella (pure culture) on XLD 
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Obviously, the situations apparent in the pure culture studies 
might make the actual isolation efficiencies of XLD, SS, and EMB much 
higher than that shown in phase I. 
In order to test this possibility, pure cultures were added to 
fecal suspensions to determine the effect of the presence of normal 
intestinal flora on the recovery rate and the appearance of salmonella 
and shigella on the tested media. Dilutions of overnight growth of pure 
/. 
cultures in GN broth were made in fecal suspensions, which were then 
plated on the various media immediately and after 18 - 20 hours of incu¬ 
bation at 37C and at Ul.!?C. Plates were examined after 18 - 20 hours. 
The results are summarized in Tables 21 and 22. 
Results of phase III indicated that as in phase I, where clinical 
specimens were used, HE and XLD media were superior to SS and EMB by the 
usual visual inspection criteria. HE was a better medium for the isola¬ 
tion of salmonella whereas a higher recovery rate of shigella was 
obtained when XLD was used. 
Primary plating compared favorably with the secondary plating as 
shown on photoplates 10, 11, and 12. This was probably due to the fact 
that the "typical" appearance of shigella and salmonella might not be 
observed on these media and that such "typical” appearance might be fur¬ 
ther "masked" by the inhibitory effects of the normal fecal microflora. 
In an attempt to test such a possibility several HE and XLD plates, 
apparently without any "positive" colonies, were washed with GN broth, 
and the washings were subsequently plated on HE and XLD. "Typical" 
colonies were recovered from such washings. 
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Table 21 
Comparison of plating media and incubation temperatures 
for the recovery of shigellae from pure cultures 
added to fecal suspensions 
Organism Plates 
<0 
€ g 
0) -P E cd'—' 
£ ^0 
O OJO 
t 2 i rvl 
Incubation temperature of plating media 
HE XLD ss EMB 
37 1*1.5 37 1*1.5 37 1*1.5 37 1*1.5 
Shigella 
sonnei 
Primary 1/1 1/1 1/1 1/1 N.G. N.G. 2/3 2/1* 
Secondary 
37 1/3 1/3 1/3 1/3 l*/2 l*/2 1/1* i/u 
1*1.5 * 1/3 
* 
1/3 l*/2 0/1* 
Shigella 
flexneri 
Primary 1/1 1/1 1/1 1/1 N.G. N.G. 2/1 2/1 
Secondary 
37 l*/3 0/3 1/3 2/3 i*/i i*/i 1/U o/U 
1*1.5 l*/3 2/3 i#/i o/l* 
Keys for Tables 21 and 22 
1° * Primary plates; organisms inoculated onto the various 
media immediately after mixing with fecal suspension. 
2° * Secondary plates; the mixtures were incubated at 37C 
or U1.5C for 18 - 20 hours before plating onto the 
various media which were subsequently incubated at 
37C or Ul.£C for 18 - 20 hours, 
x/y * Shigella or salmonella/coliforms 
1 = 1 - 20 colonies 
2 * 21 - UO colonies 
3 = Itl - 100 colonies 
U * Over 100 colonies 
-x = Colonies with "atypical1* appearance 
N.G. ■ No growth 
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Table 22 
Comparison of plating media and incubation temperatures 
for the recovery of salmonellae from pure cultures 
added to fecal suspensions 
Organism 
P
la
te
s
 
E
n
ri
c
h
m
e
n
t 
T
e
m
p
e
ra
tu
re
 
t°
c)
 
Incubation temperature of plating media 
HE XLD SS EMB 
37 1+1.5 37 la. 5 37 1+1.5 37 Ui.5 
Salmonella 
typhimurium 
1° N.G. N.G. 1/2 0/2 0/1 0/1 1/2 l-Xr/2 
2° 
37 l*/3 0/3 o/!+ 0/k 1-X-/2 1-X-/2 i/u i*A 
1+1.5 0/3 0/1+ l*/2 i-x-/k 
Salmonella 
typhimurium 
var. Copenhagen 
1° 2/1 N.G. 2/1 2-X-/1 1-X-/0 2-X-/0 1/1+ 0/1+ 
2° 
37 i/i+ i/i+ iA l-X'/k 2/1 2/1 1/1+ iA 
ia. 5 i/i+ iA 2/1 i/i+ 
Salmonella 
thompson 
1° 3/1 i/i 3/2 3/2 1-X-/0 2*/0 1/3 1/3 
2° 
37 2/3 1/3 b/3 2/3 2/1 2/1 i/i* 0/1+ 
1+1.5 1/3 2/3 2/1 0/1+ 
Salmonella 
newington 
1° 1/1 i/i i/i 0/1 1-X-/0 1-X-/0 1/3 1/3 
2° 
37 i*A i#A 0/1+ 0/1+ 0/1+ r>o
 
o
 
l/U 0/1+ 
ia.5 i/u i*/U 3/0 0/1+ 
Salmonella 
typhi 
1° 1/1 1/1 1/1 0/1 i*/o i*/o 1/3 1/3 
2° 
37 1*A i*A 0/1+ 0/1+ 2-X-/0 2*/l iA oA 
ia.5 i*A 0/1+ 2*/l 0/1+ 
Secondary plate 
Photo Plate 10. Recovery of salmonella from pure culture added 
to fecal suspension (1:10,000) on XLD plates 
Secondary plate 
Photo Plate 11. Recovery of salmonella from pure culture added 
to fecal suspension (1:10,000) on HE 
Primary plate 
Secondary plate 
, Recovery of salmonella from pure culture added 
to fecal suspension (1:10,000) on EMB 
Photo Plate 12 
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CONCLUSION AND RECOMMENDATIONS 
It is concluded that in the isolation of salmonella from clinical 
specimens* HE apparently may be used as a single isolation medium if the 
samples are streaked directly on plates* as well as after 18 - 20 hours 
of enrichment in GN broth and incubated at 37C. If S. typhi is sus¬ 
pected* the incubation temperature of U1.5C should be used. However, in 
view of the observations of atypical colonies on these selected media 
and the difficulty in interpreting the true efficiencies of growth inhi¬ 
bition and/or stimulation, it is felt that the use of HE, or any other 
medium* alone is not justified. 
It is suggested that HE and XLD be used for primary isolation from 
clinical specimens and their use be paralleled by enrichment in GN fol¬ 
lowed by secondary plating on HE and XLD. 
Great care must be exercised in visual inspection of all plates and 
"atypical" or "questionable" as well as "typical" colonies should be 
"fished" to confirmatory media for identification. 
Serious consideration should be given to “washing" apparently nega¬ 
tive secondary plates with GN broth and plating the resulting wash on 
tertiary plates. 
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SUMMARY 
The selective and differential value of Hektoen Enteric agar (HE), 
Xylose Lysine Deoxycholate agar (XLD), Salmonella-Shigella agar (SS), 
and Eosin Methylene Blue agar (EMB) for Salmonella and Shigella, in pure 
culture and in mixed culture, was studied. This was accomplished in 
three phases. In phase I, stool specimens were suspended in Gram-Nega¬ 
tive broth (GN) and inoculated on duplicate plates of the media (primary 
plates). GN broth was incubated at 37C overnight and then subcultured 
onto a duplicate set of the media (secondary plates). One set of pri¬ 
mary plates and one set of secondary plates were incubated at 370; the 
second sets were incubated at Ul.^C for 18 - 20 hours. 
It was found that HE is superior to XLD, SS, or EMB as a primary or 
secondary isolation medium at both of the selected incubation tempera¬ 
tures. The incubation temperature of 37C appears to favor isolation of 
salmonella on HE. 
Phase II compared the recovery rates of salmonella and shigella on 
the tested media. Selected freshly isolated and laboratory stock cul¬ 
tures of salmonella and shigella were suspended in GN broth or 10$ 
fecal filtrate and then plated onto the four media; the GN and the fecal 
filtrate suspensions were incubated both at 370 and kl.5>C, plates on 
which overnight growth at 370 was inoculated were incubated at both 370 
and 1|1.5C, whereas those received overnight growth at Ul.5>C were incu¬ 
bated at 1|1.5>C only. 
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The results of the pure culture study differed from those observed 
in the study of clinical samples. 
Results indicate that EMB supports the same magnitude of growth as 
does TSA and generally supports salmonella and shigella in numbers 
approximately one log magnitude more than does either XLD, HE, or SS. 
For the salmonella tested, HE, XLD, and SS generally support the same 
magnitude of growth, with XLD slightly better than HE and SS. However, 
the •’atypical’' appearance of the colonies observed on EMB, XLD, and SS 
would tend to make it difficult to distinquish salmonella colonies from 
those of lactose-fermenters in a mixed culture situation on these media. 
For the shigella strains tested, the order of the recovery rates of the 
media tested is EMB superior to XLD, which is superior to HE; SS is the 
most inhibitory; the difference in the amount of growth developing on 
the media was generally in one log number magnitude. 
It was also found that incubation at Ul.^C failed to increase the 
recovery of shigella and most of the salmonellae tested, but did in¬ 
crease recovery of S. typhi. 
It was observed that HE and XLD produced by different manufacturers 
showed variations in the colony appearance of shigella. 
In phase III, the effects of the presence of normal intestinal 
microflora on the recovery rate and colony appearance of salmonella and 
shigella on the tested media was determined. Dilutions of overnight 
growth of pure cultures in GN broth were added to fecal suspensions and 
then plated on the various media and incubated according to the method 
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used in phases I and II. 
Results of this phase show that, as in phase I, where clinical 
specimens were used, HE and TLD media were superior to SS and EMB by the 
usual visual inspection criteria. It was also found that though FIE 
favored the isolation of salmonella whereas shigella isolation was shown 
to be greater on XLD. 
It was also noted that the ’’typical" appearance of shigella and 
J' 
salmonella may not be observed on these media, and in addition typical 
appearance may be further "masked" by the inhibitory effects of the 
normal fecal microflora. 
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appendix 
Table 5 
Comparison of GN vs 10$ fecal filtrate for the recovery of 
salmonellae and shigellae from pure culture incubated 
at different selected combinations of temperatures 
Differ? 
up to 10$ 
3nee in number 
greater than 10$ 
Total Percentage 
GN FF 33 19 52 65.82 
FF GN 15 2 17 21.52 
No 
Difference 10 12.66 
Total 79 100.00 
bh 
Table 6 
Comparison of GN vs 10$ fecal filtrate for the recovery of 
S. typhi from pure culture incubated at different 
selected combinations of temperatures 
Combination 
of 
incubation 
temperature 
Eifieren 
organ 
up to 10$ 
ice in numbers of 
iism recovered 
greater than 10$ 
Total Percentage 
GN FF 2 2 h 100 
37-37 
FF GN 0 0 0 0 
No 
Difference 
0 0 
Total U 100 
GN FF 1 3 h 100 
37-U1.5 
FF GN 0 0 0 0 
No 
Difference 0 0 
Total h 100 
GN FF 1 3 U 100 
Ul.5-bl.5 
FF GN 0 0 0 0 
No 
Dif ference 0 0 
Total k 100 
Table 7 
Comparison of GN vs 10$ fecal filtrate for the recovery of 
shigellae from pure culture incubated at different 
selected combinations of temperatures 
Combination 
of 
incubation 
temperature 
Differ 
up to 10$ 
ence in number 
greater than 10$ 
Total Percentage 
GN FF 3 3 6 85.71 
FF GN 1 0 1 lit. 29 
37-37 No 
Difference 0 0 
Total 7 100.00 
GN FF 5 1 6 85.71 
37-1*1.5 
FF GN 0 0 0 0 
No 
Difference 
1 11*. 29 
Total 7 100.00 
GN FF u 0 k 80.00 
FF GN 0 1 1 20.00 
1*1.5-1*1.5 
No 
Difference 
0 0 
Total 5 100.00 
U6 
Table 8 
Comparison of GN vs 10$ fecal filtrate for the recovery of 
salmonellae (other than S. typhi) from pure culture 
incubated at different selected combinations 
of temperatures 
Combination 
of 
incubation 
temperature 
Differ 
up to 10$ 
ence in number 
greater than 10$ 
Total Percentage 
GN 'FF 8 0 8 5o.oo 
37-37 
FF GN 5 1 6 37.50 
No 
Difference 2 12.50 
Total 16 100.00 
GN FF 3 2 5 31.25 
37-1)1.5 
FF GN 7 0 7 U3.75 
No 
Difference h 25.00 
Total 16 100.00 
GN FF 7 U 11 68.75 
1|1.5-1|1.5 
FF GN 2 0 2 12.50 
No 
Difference 3 18.75 
Total 16 100.00 
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Table 13 
Comparison of selected temperatures for the recovery of 
salmonellae and shigellae from pure culture 
enriched in GN 
Number of times 
Incubation temperature C with difference 
Organism Combinat ion give in number Percentage 
higher lower up to greater 
recovery rate recovery rate 10$ than 10$ 
Salmonellae 37-37 37-hi.5 11 0 68.75 
tested other 
than 37-37 hi.5-1*1.5 10 3 81.25 
S, typhi 
Total Comparison 16 
37-37 1 2 75.00 
Salmonella 
typhi 37-1*1.5 1 2 75.oo 
Total Comparison h 
37-37 37-1*1.5 3 3 85.71 
Shigella 
tested 37-37 hi.5-hi.5 1 6 100.00 
Total Comparison 7 
52 
Table lU 
Comparison of selected temperatures for the recovery of 
salmonellae and shigellae from pure culture 
enriched in 10% fecal filtrate 
Organism 
Incubation te 
Combinat 
higher 
recovery rate 
mperature °C 
ion give 
lower 
recovery rate 
Number 
with d 
in 
up to 
10% 
of times 
ifference 
number 
greater 
than 10$ 
Percentage 
37-37 37-1)1.5 h 2 37.50 
Salmonellae 37-37 ia.5~ia.5 7 9 100.00 
tested other 
than 374a. 5 37-37 10 0 62.50 
S. typhi 
3741.5 Ll.5-Ul.5 8 8 100.00 
Total Comparison 16 
ia.5-ia.5 37-37 1 1 50.00 
Salmonella 
typhi !a.5-ia.5 37-la. 5 1 1 50.00 
Total Comparison h 
37-37 37-1)1.5 5 2 100.00 
Shigella 
tested 37-37 ia.5-ia.5 h 3 100.00 
Total Comparison 7 
Table 16 
Comparison of four plating media for the recovery of salmonellae 
and shigellae when the GN enrichment and the plating media 
were incubated at 37C and Ul.5>C, respectively 
Organism 
Number of Organism 
EMB XLD HE ss 
Sal. typhimurium 7.7xl06 1.8x10^ 8.1x10^ 2.3x10^ 
Sal. typhimurium 
var. Copenhagen 
2.1xl06 2.0xl06 3.7xl06 2.0xl06 
Sal. thompson l.OxlO7 lw£xio6 U.6xl06 2.6xl06 
Sal. newington U.lpclO^ 2.1ixl0^ 1.3x10^ 8.0x10^ 
Sal. typhi l.OxlO6 9.7x10^ 7.5x103 U.3xlo3 
Sh. sonnei 6.7xl06 U.6xl0^ 1.0x103 H.3xl02 
Sh. flexneri 7.8x10 7.8x10 U.^xlO \/ -— — — 
-x-No growth 
Table 17 
Comparison of four plating media for the recovery of salmonellae 
and shigellae -when the GN enrichment and the plating media 
were both incubated at Lil.^C 
Organism 
Number of Organism 
EMB XLD HE SS 
Sal* typhimurium 1.9xl06 5.5xio^ 1.1x10^- 2.0xl03 
Sal. typhimurium 
var. Copenhagen 1.7xl06 
9.8x10^ i.5xio6 3.5xio6 
Sal. thompson 2.5xl06 2.1>xl06 2.2xl06 2.1x:106 
Sal. newington 3.8xl06 6.3x10^ 1.0x10^ 7.5xl05 
Sal. typhi 1.7x10^ i.5xio^ 1.2x10^ 3.1pcl03 
Sh. sonnei 5.0x10 2.3x10 
Sh. flexneri 3.6x10 1.7x10 
Table 18 
Comparison of four plating media for recovery of salmonellae 
and shigellae when the 10% fecal filtrate enrichment 
and the plating media were both incubated at 37C 
Organism 
Number of Organism 
EMB XLD HE ss 
Sal. typhimurium 6.7xl06 1.0x10^ 3.7x10^ 2.1x10^ 
Sal. typhimurium 
var. Copenhagen 2.6xl06 
3.0xl06 l.hxlO6 3.7xl06 
Sal. thompson 6.9xl06 1.2xl06 3.9xl06 3.3xl06 
Sal. newington h# 6x10^ 7.9xl05 3.7x10'’ 1.3xl06 
Sal. typhi 9.8x10^ U. 3xlC>3 l.OxlO2 
Sh. sonnei 5.0xl06 6.8x10^ i.9xio3 3.8x102 
Sh. flexneri 8.6x10^ 
-=r o 
<—i * • l.SxlO^ — 
Table 19 
Comparison of four plating media for the recovery of salmonellae 
and shigellae when the 10# fecal filtrate enrichment and 
the plating media were incubated at 
37C and Ul.^C, respectively 
Organism 
Number of Organism 
EMB XLD HE SS 
Sal. typhimurium 7.6x106 1.1x10^ h. 2x10^ 6.3x10^ 
Sal. typhimurium 
var. c openhagen 2.6x106 2.5xl06 7.5xl05 U.6xl0^ 
Sal. thompson 7.9xl06 5.0xl06 3.6x106 U.luclO6 
Sal. newington 3.8xl06 6.8x10^ lulpclO^ 8.2x10^ 
Sal. typhi 5.0x10^ U.OxlO3 2.5xl02 2.3xl02 
Sh. sonnei 3.2xl06 3.1x10^ l.QxlO3 
Sh. flexneri 7.1x10^ 1.9x10^ l.^xlO3 
Table 20 
Comparison of four plating media for the recovery of salmonellae 
and shigellae #ien the 1 Qffo fecal filtrate enrichment and 
the plating media were both incubated at Ul.5C 
Organism 
Number of Organism 
EMB XLD HE ss 
Sal. typhimurium 2.5xl06 6.1pcl0^ 1.3x10^ 2.0x103 
Sal. typhimurium 
var. Copenhagen 
l.IpclO6 U.OxlO^ 6.8x10^ 1.2xl06 
Sal. thompson 1.9xl06 l.OxlO6 1.8xl06 l.ljxlO6 
Sal. newington 5.8x10" 1*2x10^ 3.7xlOU 9.2xlOU 
Sal. typhi 1.5x10^ h.2x10^ 6.5x10^ 2.OxlO2 
Sh. sonnei 1.6xl06 1.9x10^ 
Sh. flexneri 1.1x10^ 1.3x10^ 1.0xl03 



